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Abstract. A data matrix, obtained from a 2-year (2010 – 2011) monitoring programme, was 
subjected to cluster analyze to obtain information about pH, electric conductivity and dissolved 
oxygen drinking water sampled from six sites, to identify possible variances in drinking water quality, 
and problems in town pipe network, even indications on its toxicity. The drinking water analyzed 
parameters were also compared to the same parameters quantified in samples prelevated from town 
water source – Tarnia Lake. The data were processed with STATISTICA v.7.0 programme. The 
suitability of multivariate statistical analyze (CA in our case) for discussing the monitoring parameters 
was demonstrated by the kurtosis and skewness values. The spatial CA emphasizes of three clusters 
for pH, two clusters for electrical conductivity with high internal homogeneity, and high external 
heterogeneity (p < 0.001), and three clusters for dissolved oxygen with high internal homogeneity and 
moderate external heterogeneity (p < 0.05), and with different degrees of similarities. Very significant 
and distinctly significant differences, respectively, were reported between pH and electric conductivity of 
average drinking water sample from Cluj-Napoca town network and supplying drinking water point 
(Tarnia Lake), while concerning the dissolved oxygen, the difference was statistically not significant.  
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INTRODUCTION 
  
In spite of developed management techniques available and implemented worldwide, 
the drinking water monitoring still remains a problem to discuss. Due to time (long-term 
periods) and/or sampling (many sampling sites) constraints, the water monitored parameters 
are sometimes difficult to analyze and interpret. This is the reason why attempts to simplify 
these data processing, interpretation and reporting were carried on. Among them we can 
mention the use of formulating water quality indices (Saeedi et al., 2010; Khadse et al., 2011), 
or multivariate statistical techniques (Shirodkar et al., 2009; Kazi et al., 2008; Sojka et al., 
2008; Joerin et al., 2010; Papaioannou et al., 2010). An interesting statistical approach with 
possible application in drinking water monitoring could be the cluster analysis (CA).  
In this study, a data matrix, obtained from a 2-year (2010 – 2011) monitoring 
programme, was subjected to cluster analyze to obtain information about three physico – 
chemical drinking water parameters (pH, electric conductivity and dissolved oxygen) obtained 
from six sites, to identify possible variances in drinking water quality, and problems in town 
pipe network, even indications on its toxicity (Rand et al., 2005). The drinking water analyzed 
parameters were also compared to the same parameters quantified in samples prelevated from 
town water source – Tarnia Lake.  
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MATERIAL AND METHOD 
 
The monitoring area is located in Cluj - Napoca town. There are 6 sites monitored in 
this area. They are located in: Zorilor District (ZD), Mrti Distrct (MD1), Grigorescu 
District (GD1) Gheorgheni District (GD2), Downtown area (DA), and Mntur District 
(MD2), respectively (Fig. 1).  
The data from the established drinking water monitoring sites, consist of three water 
quality parameters collected on a weekly basis for 2 years (2010 – 2011) during spring months 
(March – May). The selected parameters included water pH, dissolved oxygen (DO), and 
electrical conductivity (EC). The equipment consisted of WTW inoLab multiparameter ion 
specific meter and was checked and appropriately calibrated before each measurement. 
The samples for analysis were collected from nominated sites into 500 mL polythene 
bottles labeled (date, time, and place) according to water sampling common methods, and 
kept in refrigerator at 40C until next day, when analyze was not possible in the same day with 
data collection (Bulut et al., 2010; Goyal et al., 2010). 
 
 
 
 
Fig. 1. Study area and sampling sites 
 
 
In this study, hierarchical CA was performed on the standardized data, with Euclidean 
distance as a measure of similarity. Spatial variances in water quality were determined from 
hierarchical CA using the linkage distance (Papaioannou et al., 2010; Simeonov et al. 2003; 
Kowalkowski et al. 2006). The data were processed with STATISTICA v.7.0 programme. 
 
RESULTS AND DISCUSSIONS 
 
The basic statistics of the 2-year data set are summarized by monitored points on water 
quality and studied parameters (Tab. 1). 
The multivariate statistical methods require that the data conform to normal 
distribution, thus, the normality distribution test of each variable was done by analyzing 
statistical values of kurtosis and skewness. The original data demonstrated values of kurtosis 
ranging from - 0.964 to 6.878 and skewness values ranging from - 2.470 to 2.077, indicating 
that the data were in normal distribution or close to normal distribution (Tab. 1). 
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Spatial CA was used to detect similar groups, concerning the drinking water pH value, 
between the sampling sites. It resulted dendrogram consists of three clusters corresponding to 
three groups (Fig. 2). Group 1 contained one site ZD, Group 2 contained MD1, GD1, GD2, 
MD2 sites, while group 3 also contained one site, DA.  
All resulted groups exhibit high internal (within cluster) homogeneity, with average 
pH value of 7.234 (V% = 2.015) in group 1, 6.559 (V% = 4.203) in group 2 and 5.323 (V% = 
4.036) in group 3 and high external (between clusters) heterogeneity demonstrated by the 
statistical very significant differences between them (p < 0.001).  
Tab. 1 
Statistical description of water quality parameters, by monitored sites 
 
Parameters Unit Mean SD Min Max Skewness Kurtosis 
Zorilor District (ZD) 
pH  7.234 6.910 7.410 0.146 -1.061 0.713 
EC S/cm 82.754 2.189 80.010 87.300 0.877 0.259 
DO mg/L 21.653 0.745 19.810 22.600 -1.234 1.977 
Mrti Distrct (MD1) 
pH  6.574 0.275 6.110 6.880 -0.714 -0.964 
EC S/cm 84.712 1.711 82.130 88.900 1.030 2.172 
DO mg/L 21.668 0.773 19.380 22.300 -2.470 6.864 
Grigorescu District (GD1) 
pH  6.338 0.194 6.120 6.890 2.077 5.511 
EC S/cm 83.096 1.325 81.230 85.440 0.721 -0.154 
DO mg/L 21.898 0.804 19.830 23.010 -1.259 3.081 
Gheorgheni District (GD2) 
pH  6.487 0.174 6.280 6.900 0.899 1.367 
EC S/cm 82.468 3.139 73.400 85.690 -2.151 6.056 
DO mg/L 21.948 0.745 19.830 22.600 -2.094 5.419 
Downtown area (DA) 
pH  5.323 0.224 5.020 5.820 1.079 0.673 
EC S/cm 104.531 2.650 100.210 109.510 -0.030 -0.038 
DO mg/L 21.458 0.629 20.100 22.130 -1.325 1.020 
Mntur District (MD2) 
pH  6.838 0.108 6.540 6.990 -1.574 4.866 
EC S/cm 87.004 1.792 83.220 88.600 -1.099 0.170 
DO mg/L 21.535 0.783 19.220 22.300 -2.320 6.878 
 
Concerning water pH, the linkage distance of 0.25 between Group 1 and Group 2 
emphasizes a higher similarity between them, compared to Group 3 separated by a linkage 
distance of 2.50 and 2.75, respectively. 
The correlation matrix between pH values of drinking water monitored in all 6 
prelevation points emphasize low positive and negative correlation coefficients, statistically not 
significant (Tab. 2). 
Concerning electrical conductivity of drinking water, two clusters resulted (Fig. 3). 
Group 1 contained the DA site, while Group 2 contained all other sites - ZD, MD1, GD1, 
GD2, and MD2 -. In this case, the two resulted groups exhibit high internal homogeneity, with 
average EC value of 104.531 S/cm (V% = 2.535) in group 1, and 84.007 S/cm (V% = 
3.176) in group 2 and high external heterogeneity (p < 0.001). 
The linkage distance of 68 between Group 1 and Group 2 emphasizes low similarity 
between them. 
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                                                                                                                       Linkage distance 
 
Fig. 2. Dendrogram resulted from CA concerning pH value monitored in drinking water town network during 
monitoring period 
 
Tab.2 
 
Correlation matrix between pH values monitored in drinking water town network prelevation points during 
monitoring period 
 
Monitoring points 
ZD MD1 GD1 GD2 MD2 DA 
 
Issue 
R t R t R t R t R t R t 
ZD   0.378 1.355 -0.484 -1.835 0.251 0.860 0.121 0.403 0.479 1.811 
MD1     0.286 0.990 0.034 0.114 0.364 1.294 0.562 2.256 
GD1       -0.007 -0.022 0.304 1.057 0.262 0.902 
GD2         -0.299 -1.040 -0.068 -0.226 
MD2           0.441 1.630 
 
 
                                                                                                                     Linkage distance 
 
Fig.3. Dendrogram resulted from CA concerning electric conductivity value monitored in drinking water town 
network during monitoring period 
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The correlation matrix between electric conductivity (S/cm) values of drinking water 
monitored in all 6 prelevation points have a similar aspect to correlation matrix computed for 
pH values resulting from drinking water monitoring in the same 6 prelevation points, 
emphasizing low positive and negative correlation coefficients, the correlation being statistically 
not significant (Tab. 3). 
Tab.3 
 
Correlation matrix between electric conductivity values monitored in drinking water town network prelevation 
points during monitoring period 
 
Monitoring points 
ZD MD1 GD1 GD2 MD2 DA 
 
Issue 
R t R t R t R t R t R t 
ZD   0.091 0.303 0.322 1.130 0.080 0.267 0.036 0.120 0.455 1.697 
MD1     0.223 0.759 -0.288 -0.996 0.168 0.565 0.215 0.730 
GD1       -0.134 -0.449 -0.237 -0.808 0.031 0.104 
GD2         0.112 0.375 -0.091 -0.303 
MD2           0.138 0.461 
 
The spatial cluster analysis used to detect similar groups, concerning the drinking 
water dissolved oxygen value, between the sampling sites emphasizes the presence of three 
clusters corresponding to three groups (Fig. 4).  
 
 
                                                                                                                       Linkage distance 
 
Fig.4. Dendrogram resulted from CA concerning dissolved oxygen value monitored in drinking water town network 
during monitoring period 
 
Group 1 contained one site GD1, Group 2 contained DA, while group 3 contained 
MD1, GD2, ZD, MD2 sites. All resulted groups exhibit high internal (within cluster) 
homogeneity, with average DO value of 21.701 (V% = 3.477) in group 1, 21.898 (V% = 
3.671) in group 2 and 21.458 (V% = 2.933) in group 3 but moderate external heterogeneity (p 
< 0.05). The linkage distance of 0.45 between Group 1 and Group 3, 0.10 between Group 1 
and Group 2, and 0.35 between Group 2 and Group 3, respectively emphasizes a higher 
similarity between them. The correlation matrix between dissolved oxygen (mg/L) values of 
drinking water monitored in all 6 prelevation points (Tab. 4) emphasise high and distinctly or 
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very significant correlation coefficients in majority of cases, except correlation between DO 
quantified in point GD1 and points: ZD (0.430), and MD2 (0.365). 
Tab.4 
 
Correlation matrix between dissolved oxygen values monitored in drinking water town network prelevation points 
during monitoring period 
 
Monitoring points 
ZD MD1 GD1 GD2 MD2 DA 
 
Issue 
R t R t R t R t R t R t 
ZD   0.719 3.430** 0.430 1.579ns 0.474 1.785* 0.692 3.179** 0.591 2.428* 
MD1     0.561 2.250* 0.842 5.175*** 0.711 3.350** 0.773 4.037** 
GD1       0.711 3.356** 0.365 1.299 ns 0.838 5.085*** 
GD2         0.496 1.651* 0.817 4.705*** 
MD2           0.514 1.988* 
 
As expected, very significant negative correlation was quantified between pH and 
electric conductivity, while between this two parameters and dissolved oxygen very low 
insignificant correlations were found (Tab 5, Fig. 5). 
Tab.5 
 
Correlation matrix between pH, electric conductivity dissolved oxygen values monitored in drinking water town 
network by all prelevation points during monitoring period 
 
EC, s/cm DO, mg/L Issue 
R t R t 
-0.771 -10.552*** 0.048 0.417ns pH 
Y = 152.960 – 10.130 X Y = 21.320 – 0.057 X 
-0.175 -1.557 ns EC  
Y = 23.099 – 0.061 X 
 
 
Fig. 5. The interdependence between pH, electric conductivity, and dissolved oxygen values monitored in drinking 
water town network by all prelevation points during monitoring period 
 
Very significant (- 0.764) and distinctly significant (5.898 S/cm) differences, respectively, 
were reported between pH and electric conductivity of average drinking water sample from Cluj-Napoca 
town network and supplying drinking water point (Tarnia Lake), while concerning the dissolved 
oxygen, the difference was statistically not significant (Tab. 6).  
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Tab.6 
 
t-test applied to water before introduction in purification system drinking water town network by all prelevation 
points during monitoring period 
 
Issue Differences df t 
pH X 1 - X 4 -0.764 89 -4.395
*** 
Electric conductivity (EC), S/cm X 2 - X 5 5.898 89 2.596
** 
Dissolved oxygen (DO), mg/L X 3 - X 6 0.084 89 0.383
ns 
1 – pH in lake water; 2 – EC in lake water; 3 – DO in lake water; 4 – pH in drinking water town network; 
5 – EC in drinking water town network; 6 – DO in drinking water town network. 
 
The very and distinctly significant differences may be the result of decreased, and 
increased, respectively, average values of pH (5.323) and electric conductivity (104.531 
S/cm) reported in drinking water from downtown sampling point (DA). 
 
 
CONCLUSIONS 
 
The multivariate statistical analyze is suitable for discussing the monitoring of 
parameters analyzed in Cluj – Napoca drinking water network, that the data being in normal 
distribution or close to normal distribution, fact demonstrated by the kurtosis values ranging 
from - 0.964 to 6.878 and skewness values ranging from - 2.470 to 2.077 The very and 
distinctly significant differences may be the result of decreased, and increased, respectively, 
average values of pH (5.323) and electric conductivity (104.531 S/cm) reported in drinking 
water from downtown sampling point (DA). 
Concerning pH, the spatial CA emphasizes of three clusters corresponding to three 
groups: Group 1 corresponding to ZD site (X = 1 7.234, V% = 2.015), Group 2 corresponding 
to MD1, GD1, GD2, MD2 sites (X = 6.559, V% = 4.203), and Group 3 also corresponding to 
DA site (X = 5.323, V% = 4.036), with high internal homogeneity, and high external 
heterogeneity (p < 0.001). The biggest similarity was reported between Group 1 and Group 2 
(linkage distance = 0.25), while Group 3 separated by a linkage distance of 2.50 and 2.75, 
respectively. The correlation matrix emphasizes low positive and negative correlation 
coefficients, statistically not significant. 
Concerning electrical conductivity, two clusters resulted: Group 1 corresponding to 
DA site (X = 104.531 S/cm, V% = 2.535), and Group 2 with ZD, MD1, GD1, GD2, and 
MD2 sites (X = 84.007 S/cm, V% = 3.176) in group 2 with high internal homogeneity, and 
external heterogeneity (p < 0.001). The linkage distance of 68 between groups emphasizes 
low similarity between them. The correlation matrix has similar aspect to pH correlation 
matrix, emphasizing low positive and negative correlation coefficients, statistically not 
significant. 
Concerning the drinking water dissolved oxygen value, the CA emphasizes the 
presence of three clusters corresponding to: Group 1 - GD1 (V = 21.701, V% = 3.477), Group 
2 – DA (X = 21.898, V% = 3.671), and Group 3 - MD1, GD2, ZD, MD2 (X = 21.458, V% = 
2.933) with high internal homogeneity and moderate external heterogeneity (p < 0.05). 
Between all groups high similarity was reported (linkage distance = 0.10 - 0.45).The 
correlation matrix emphasise high and distinctly or very significant correlation coefficients in 
majority of cases, except correlation between DO quantified in point GD1 and points: ZD 
(0.430), and MD2 (0.365). 
 
 115 
REFERENCES 
 
1. Bulut, V. N., A. Bayram, A. Gundogdu, M. Soylak, M.Tufekci (2010). Assessment of 
water quality parameters in the stream Galyan, Trabzon, Turkey. Environmental Monitoring & 
Assessment, 165: 1 – 13. 
2. Goyal, M., D.N. Dhar, S. K. Singh (2010). Physicochemical methods for monitoring 
seasonal variations in Cl−, F−, and Fe++ in underground water in Unnao District in Uttar Pradesh 
(India). Environmental Monitoring & Assessment, 171: 425 – 427. 
3. Joerin, F., Geneviève Cool, M.J. Rodriguez, M.Gignac, C. Bouchard (2010). Using multi-
criteria decision analysis to assess the vulnerability of drinking water utilities. Environmental 
Monitoring & Assessment, 166: 313 – 330. 
4. Kazi, T. G., Arain,M. B., Jamali, M. K., Jalbani, N., Afridi, H. I., Sarfraz, R. A., et al. 
(2008). Assessment of water quality of polluted lake using multivariate statistical techniques: A case 
study. Ecotoxicology and Environmental Safety, 72(2), 301–309. 
5. Khadse, G.K., M. Kalita, S.N. Pimpalkar, P.K. Labhsetwar (2011). Drinking water quality 
monitoring and surveillance for safe water supply in Gangtok, India. Environmental Monitoring & 
Assessment, 178: 401 – 414. 
6. Papaioannou, A., Athina Mavridou, C. Hadjichristodoulou, P. Papastergiou, Olga Papp, 
Eleni Dovriki, I. Rigas (2010). Application of multivariate statistical methods for groundwater 
physicochemical and biological quality assessment in the context of public health. Environmental 
Monitoring & Assessment, 170: 87 – 97. 
7. Rand, G.M., P.G. Wells, L.S. McCarty (2003). Introduction to aquatic toxicology. In G. M. 
Rand (Ed.), Fundamentals of aquatic toxicology. New York: Taylor & Francis. 
8. Saeedi, M, O. Abessi, F. Sharifi,  H. Meraji (2010). Development of groundwater quality 
index. Environmental Monitoring & Assessment, 163: 327 – 335. 
9. Shirodkar, P. V., Mesquita, A., Pradhan, U. K., Verlekar, X. N., Buba, M. T., & 
Vethamony, P. (2009). Factors controlling physicochemical characteristics in the coastal waters off 
Mangalore - A multivariate approach. Environmental Research, 109: 245–257. 
10. Sojka, M., Siepak, M., Ziola, A., Frankowski, M., Murat-Blazejewska, S.,  Siepak, J. 
(2008). Application of multivariate statistical techniques to evaluation of water quality in the Mala 
Welna River (Western Poland). Environmental Monitoring & Assessment, 47 (1 – 3): 159 – 170. 
 
 
 
